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In the course of the homograft reaction both humoral and cell-bound isoanti- 
bodies are formed. The relative role played by these two components in graft 
rejection is a matter of controversy at the present time. Several lines of evidence 
seem to favour the concept that cell-bound antibodies are of major importance. 
Thus, immunity against tumor homograffs could be transferred passively by 
lymph node  cells from preimmunized hosts  ("adoptive immunity"), but  not 
by serum (24). Analogous findings were obtained by Weaver, Algire, and Prehn 
(35),  who  worked  with  tumor  cells  growing  in  cell-impermeable  diffusion 
chambers. Passively administered immune serum did not affect tumor growth 
in the chamber, while admixture of lymph node cells from preimmunized hosts 
was strongly inhibitory.  Attempt  to bring about  the  rejection of skin homo- 
grafts  in  mice by hyperimmune  sera  has  met with  variable success.  In  the 
experiments  by  Brent,  Brown,  and  Medawar  (2),  passively  administered 
immune serum did not  accelerate the  rejection of skin homografts and  there 
was even some tendency towards prolongation of graft survival. This was at 
variance with the results of Stetson and Demopoulos (34),  who claimed that 
immune serum could  bring about skin  graft rejection. 
Humoral isoantibodies  are strongly cytotoxic in certain systems, both in vitro and 
in vivo (8, 10, 37). Different cell types of the same genotype differ in their sensitivity 
to the cytotoxic action of the same antibodies. According  to Snell  (32),  tumor cells 
fall into three categories.  Some, such as certain leukemia cells are very sensitive both 
in vitro (in the presence of complement), and in passive transfer experiments, and in 
neutralization tests in vivo. Other tumors show a low but nevertheless clearcut sensi- 
tivity to humoral antibodies both in vitro and in vivo. The third category comprises 
tumors which seldom regress in foreign strains. These latter tumor cells are resistant 
to the cytotoxic effect, and, in addition, show an increased  ability to grow in certain 
foreign strains after isoantiserum treatment in vitro and in vivo. The latter phenome- 
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non, usually referred to as immunological enhancement (12), has been regarded as a 
strong argument against the participation of humoral antibodies in homogralt rejec- 
tion. 
The reason for the variations in the sensitivity of different cells to the cytotoxic 
action of isoantiserum is not known.  Feldman and  Sachs  (3) favour the hypothesis 
that resistance to cytotoxicity can be related to a high cellular synthesis of isoantigens, 
with  subsequent  increased  secretion  and  extracellular  neutralization  of  humoral 
antibodies. This assumption was based on the finding that a certain number of living 
tumor  cells of  a  resistant sarcoma inoculated into  a  foreign strain  stimulated the 
production of humoral antibodies to a higher degree than the same number of sensitive 
lymphoma cells. However, since living tumor cells were inoculated, the greater im- 
munizing capacity of the resistant and  more homotransplantable sarcoma cells may 
have been due  to  their more prolonged survival in the foreign host, rather  than  a 
higher degree of antigenicity. Experiments by Eva Klein (13)  showed that the im- 
munizing capacity of tumor cells of similar origin which were sensitive and resistant, 
respectively, to the homograft reaction was not detectably different, when  the same 
numbers of cells were inoculated into the same foreign host genotype, and prolifera- 
tion of the graft was prevented by a heavy dose of x-rays (15,000  r). Moreover, Winn 
(38)  has shown  that resistant thymus  cells absorb less isoantibodies than  sensitive 
lymph node cells, and he suggested that resistant cells were less antigenic. 
In  a  previous  study,  concerning  the  differentiation of  H-2  isoantigens  in 
newborn mice, it was found  (26)  that spleen cells of newborn mice of certain 
strains were completely resistant to the cytotoxic action of isoimmune serum 
during the first 3  days after birth.  Subsequently they became sensitive in the 
course of a  few  days, reaching the adult level of susceptibility at  the  age of 
10 days. The immature, resistant ceils were able to absorb specific isoantisera 
and were  thus not lacking the isoantigenic receptors. The  finding that  a  cell 
population could change from complete resistance to high sensitivity within a 
few  days prompted a  search for the mechanism  of resistance. As a  first step 
various  cell types were  compared with  regard  to  their  cytotoxic sensitivity, 
absorbing capacity, and their tendency for pinocytosis. 
Materials and Methods 
The following inbred strains of mice were used in the experiments: A/Sn, (H-2a), A.CA 
(H-2f), C3H/K1  (H-2k), and C57B1/K1 (I-I-2b).  Anfisera were prepared as described  below in 
mice of the following genotypes: A.CA, A.SW (H-2S), DBA/2 (H-2d), C57L/KI (H-2b), and 
A.BY (H-2b). 
The breeding nucleus of all strains was  maintained by strict single line brother  X  sister 
mating. In order to maintain a high degree of homozygosis, the experimental animals were 
never permitted to deviate from the inbred nucleus by more than two brotherX sister genera- 
tions. All mice were routinely vaccinated with living vaccinia virus at the age of 3 to 4 weeks, 
in accordance  with the general policy of the colony since 1954. The isogenic resistant (LK) 
lines of Snell (33), A.SW, A.BY, and A.CA, should be theoretically coisogenic with the excep- 
tion of a single difference at the H-2 locus. Transplantation studies by Linder and Klein (20) 
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transplants were regularly rejected within A.SW and A.CA but not in A/Sn. This indicated 
that the IR-sublines were segregating with regard to several weaker histocompatibility loci. 
Intrastrain tumor grafts grow progressively in nearly 100 per cent, however. All mice were 
kept on a standard pellet diet, which with drinking water, was available ad l/b/turn. 
Tumors.-- 
TA3 has originated as a  spontaneous mammary adenocarcinoma in a  female A mouse in 
1949.  It has been carried  by  serial passage  in  A  mice during the first 16 transfer genera- 
tions and showed a gradual loss of differentiation. After the 16th passage,  it was gradually 
converted  to  the  ascites  form  and  was subsequently carried in A  mice by intraperitoneal 
transfer of ascitic fluid, interrupted by periodic storage in the frozen tumor bank (18).  It 
kills 100 per cent of strain A mice, but usually regresses in foreign strains. In the course of the 
present investigation it was between its 196th and 203rd transfer generation. 
S3A has originated as a spontaneous mammary carcinoma in an A mouse in 1952. It was 
converted to the ascites form in 1955 (14), and has since been carried by serial intraperitoneal 
passage of ascitic fluid, interrupted by periods of storage in the frozen tumor bank. In the 
course of the present investigation the tumor was between its 78th and 82nd transfer gener- 
ation. 
15091a is a carcinoma that arose spontaneously in the mammary gland of an A mouse in 
1928.  It was converted to the ascites form in 1951  (15),  and was subsequently carried by 
serial intraperitoneal passage interrupted by periods of storage in the frozen tumor bank. In 
the course of the present experiments it was between its 177th and 181st transfer generation. 
MSA is a solid sarcoma induced by 0.1 mg methylcholanthrene in an A mouse in 1950. It 
has been carried by subcutaneous transfers for 3 passages. 
8/2 is a lymphoma that developed spontaneously in a male A mouse in 1950. The animal 
was used for antiserum production and was inoculated  10 times with methylcholanthrene- 
induced sarcomas and spontaneous mammary carcinomas of A.SW origin for this purpose, 
which regularly regressed. SL2 has been carried by subcutaneous transfer for 2 passages. The 
grafted A mice usually develop a generalized leukemia, irrespective of the mode of transfer. 
MCIM is a  sarcoma originally induced by methylcholanthrene in a  C3H mouse in 1946. 
The histological picture of the primary tumor corresponded to that of a rhabdomyosarcoma, 
which became more and more anaplastic in the course of serial passage. In 1951 it was grad- 
uaUy converted to the ascites form (15). Since then it has been carried through 215 intraperito- 
neal passages of ascitic fluid in C3H mice, interrupted by periodic storage in the frozen tumor 
bank. It kills 100 per cent of C3H mice, and grows in foreign strains to a limited extent only. 
6C3HED is a lymphoma that originated several decades ago in Gardner's laboratory in a 
female C3H mouse treated with estradiol benzoate. It has been transformed into the ascites 
form (15) in 1951 and was carried since then by intraperitoneal inoculations of ascitic fluid in 
the C3H strain, interrupted by periodic storage in the frozen tumor bank. It kills C3H mice 
in 100 per cent after 9 to 11 days. 
FHA is a sarcoma that has been induced in 1959 by the subcutaneous implantation of a  1 
cm  ~ cellophane film into a C3H mouse. It has been carried by serial subcutaneous passage of 
tumor cell suspensions in the C3H strain. In the course of the experiments the tumor was 
between its 9th and llth generation. 
H1DH-Hb is a  lymphoma that has been induced in  1960  by inoculating the passage A 
leukemia agent of Gross into a  newborn male C3H mouse. It appeared as a  generalized lym- 
photon at the age of 4  months. It has been passaged in C3H mice where it grows to 100 per 
cent. It does not grow in foreign strains. It was converted into the ascites form in 1960. The 
ascites form was used for the present study,  in the course of which the tumor was between 
the 14th and 15th transfer generation. 
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were prepared by pressing the tissues through a  60-mesh  stainless steel screen into sterile 
Ringer's solution containing 100 Yty penicillin and 100 #g streptomycin per ml. The cells were 
washed twice with Ringer's solution. Ascites tumor cells were suspended in a sodium citrate 
solution (0.1 M sodium chloride and 0.1 M sodium citrate). When contaminated with red blood 
cells, the tumor cell suspension was centrifuged twice at 400g for 1 minute and each time the 
supernatant which contained most of the red blood cells was discharged. The tumor cellular 
sediment was washed twice with Ringer's solution. 
Solid sarcomas and carcinomas were brought into suspension by trypsinization. The tumors 
were cut into small pieces with a  pair of scissors and suspended in sterile Ringer's solution 
containing 0.25  per cent trypsin. The mixture was agitated with a  magnetic stirrer for 30 
minutes at room temperature. The suspension was centrifuged, the supernatant withdrawn, 
and the cells washed three times in Ringer's solution by centrifuging it at 400g for 2 minutes 
each time. Subsequently, one part of the cellular  sediment was suspended in Ringer's solution, 
counted in a hemocytometer, and diluted to 107 cells/ml. This material was used for the cyto- 
toxic tests. The remaining part was resuspended in 2 per cent dextran  (intradex, salt  free, 
glaxo, made up to 6 per cent solution in 5 per cent glucose),  and the cells  were counted and 
diluted with dextran to the desired concentration. The final dilution was counted once more in 
a hemocytometer and subsequently used for the absorption tests. 
Preparation of Antisera.--Antisera  were produced in  strains A.SW,  A.CA, DBA/2, and 
C57L by weekly intraperitoneal and subcutaneous injections of lymph node, spleen, and liver 
cells  of foreign H-2 genotypes, brought into suspension by pressing the tissues through a 
stainless steel screen, into Ringer's solution. Seven to fifteen inoculations were given before 
the serum was collected. 6 days after the last injection 0.4 to 0.8 ml blood was drawn from 
the retro-orbital sinus through a glass capillary. The blood was allowed to clot at room tem- 
perature,  centrifuged, and  serum  collected. The  hemagglutinin titer  was  determined ac- 
cording to the method of Gorer and Mikulska  (6).  Pooled sera were  kept  at  -20°C.  The 
following antisera were used in the tests: C57L  anti-A (hemagglutinin titer: 1/1024),  A.CA 
anti-A (1/8000-1/32000),  A.SW anti-A (1/512-1/1024),  DBA/2 anti-C57B1 (1/512), and A.BY 
anti-A (1/4096). 
Quantitative Absorption  Tests.--Since  the  experiments were  designed with  the  aim  to 
detect possible differences in the concentration of isoantigenic receptors at  the cell surface, 
it was necessary to estimate the average surface of the various cell types. The diameter of at 
least 150 cells of each type was measured and the mean surface area was calculated on the 
assumption that the cells were spherical. Ce]l suspensions were prepared as described pre- 
viously. The mean surface area was calculated from the formula: A  =  ~'d  2. The cell diameters 
were measured with an ocular micrometer (X  10)  using an oil immersion objective (NA  = 
1.15).  During the measurements the cells  were kept in a  Biirker hemocytometer chamber 
sealed with paraffin.  Since the depth of the hemocytometer was 0.1 ram, there was no risk for 
cell compression. The cells showed no tendency to flatten on the bottom of the chamber. The 
cells were measured during the first 10 minutes after the suspension had been introduced into 
the chamber. After each 10 minute interval, the measurement was interrupted and continued 
on a new sample in a fresh chamber. 
As a rule the actual absorption experiments were performed with 15 X  l0  G, 30  X  l0  G, and 
60  X  10  s  lymph node cells,  or with a  predetermined number of tumor cells,  adjusted to 
correspond to one of the lymph node cell groups with regard to the total cellular surface area 
represented. The requisite number of cells  was introduced into three small test tubes and 
centrifuged at 150g for 5 minutes. The supernatant was carefully removed and replaced with 
0.05 ml antiserum diluted 1/4, or with 0.1 ml diluted 1/8. The cells were suspended by shaking 
and incubated at room temperature for exactly 30 minutes. During the incubation, the tubes 
were agitated every 2  minutes in order to keep the cells in suspension. At  the end of the ERNA  MOLLER  AND  GORAN  MOLLER  531 
incubation period they were centrifuged at 200g for 5 minutes. The supematant was with- 
drawn and tested for the presence of agglutiuins by the human serum-dextran method  (6). 
As controls, 0.05 ml antiserum diluted  1/4 was incubated with the same number of lymph 
node cells of the antiserum donor strain, or, after it  was found  that this absorption did not 
affect the hemaggintiuin titer, it was left unabsorbed during the incubation period. 
Banagglutination  Test.--The test was performed in small test tubes containing 0.025 ml of 
antiserum, serially diluted with 2 per cent dextran in doubling dilutions. To this was added 
0.025 ml of a 2.5 per cent erythrocyte suspension in a  1:1 mixture of human serum and saline. 
The human serum was inactivated by incubation at 56°C for 30 minutes and absorbed twice 
before use with an equal volume of packed cells prepared from washed and minced mouse 
liver, spleen, lymph nodes, and kidney. Each absorption was carried out by incubation for b 
hour at 37°C and was repeated with a new lot of cells.  After the erythrocyte suspension was 
added, the tubes were read as described by Gorer e~ a/.  (6). Antiserum was omitted in the 
control tubes. The readings were graded as follows: +++  =  complete agglutination (no free 
cells), ++  =  strong and +  weak agglutination, 4-  =  doubtful, and --  ~- no agglutination. 
Only the first three groups were regarded as positive. 
Cytotoxi¢  Tests.--0.05 ml of a  suspension containing l0  T cells/ml was added  to 0.05  mi 
antiserum diluted serially, in Ringer's solution with 1:5 as the lowest dilution. Finally, 0.05 
ml guinea pig serum was added to each tube and the tubes were incubated for 1~ hours at 
37°C. After incubation the approximate proportion of viable cells was estimated by the eosin 
method of Schrek (31). About 300 cells were rapidly counted in a hemocytometer and classified 
as stained or unstained. In the controls antiserum was replaced by Ringer's solution. For each 
antiserum dilution a  cytotoxic index was computed according to Hellstrtim (I0), defined as 
the difference between the proportion of unstained cells in the control and the test suspension, 
divided by the former figure. The endpoint corresponds to the highest dilution which gave a 
cytotoxic index ~  0.15. 
Pinocytosls.--The  pinocytosing ability of lymph node cell and tumor cell populations was 
studied with fluorescein-conjugated normal mouse serum. Cells were brought into suspension 
as described above and diluted to a final concentration of 5 to 20 X  106 cells/ml. 1 ml allquots 
of the suspension were centrifuged at 150g for 2 minutes in small test tubes. The supernatant 
was replaced with finorescein-conjugated normal mouse serum in dilutions varying between 
1/2 and 1/6 in different experiments. The sediment was brought into suspension by shaking 
and the suspension was incubated at 37°C  for periods varying between  15 minutes  and 5 
hours. After incubation the cells were washed twice in Ringer's solution and inspected in the 
fluorescent microscope. 
The conjugated normal mouse serum was prepared according to the method described by 
Riggs et al.  (30).  It was absorbed twice by incubating it at room temperature during two 
periods of 30 minutes with acetone powder of mouse liver prepared according to the procedure 
of Mellors (23), and was used immediately thereafter. The cells were examined microscopically 
in the living condition. About 0.05 ml of the cell suspension was placed on a slide and covered 
with a coverslip, care being taken to avoid pressure. No cellular injuries were observed due to 
pressure, and bleb and blister formation were quite absent. 
RESULTS 
Yinocytosis Experiments.--As mentioned  in  the  introduction  it  was  found 
previously  that  spleen  cells  of  newborn  mice  of  certain  strains  were  quite 
resistant  to  the cytotoxic  action of isoimmune  sera but  became  rapidly sensi- 
tive within a  few days  after birth.  It was  speculated  that  cells  whose normal 
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particularly sensitive to damage by humoral antibodies, because of a  different 
permeability of the cell membrane to macromolecules. This possibility was now 
tested by observing the ability of several cell types varying in their sensitivity 
to cytotoxic isoantibodies to ingest fluorescein-labeled macromolecules by pino- 
cytosis. Four tumor cell populations, TA3, MC1M,  6C3HED, and 5L1, were 
examined, together with hematopoietic cells of adult and newborn (1 to 3 days 
old) mice of various strains. All cell suspensions  were incubated with fluores- 
cein-conjugated  normalmouse serum for periods varying between 15 minutes and 
5  hours. The morphological signs of pinocytosis were essentially the same with 
all cells studied. The cytoplasm became more or less filled with small fluorescent 
vacuoles, ranging in size from about 1 to 3 micra, which did not coalesce. As a 
rule, the vacuoles tended to accumulate in the juxta-nuclear area. The nuclei 
did not show fluorescent staining in any of the cells studied. There were slight 
morphological differences between the appearance of the fluorescent vacuoles 
in normal lymph node cells as compared to tumor cells. As a rule, the normal 
cells contained smaller vacuoles and these were often present in larger numbers. 
The proportion of cells  showing pinocytosis increased with  the incubation 
time.  In  the lymph node and hematopoietic cell suspensions  they were first 
seen after 30 minutes. In the tumor cell suspensions tile reaction was rarely seen 
earlier than 1 hour. 
In order to make the incubation periods used for the cytotoxic tests and for 
the pinocytosis experiments, respectively, comparable, the proportion of cells 
showing positive reaction was estimated after 2 hours' incubation. The results 
appear in Table I. There was considerable variation in the frequency of pino- 
cytosing cells, between different experiments, particularly as far as the normal 
cells were concerned. The uptake of fluorescent serum varied between 28 and 
51 per cent for adult lymph node cells and between 15 and 68 per cent for new- 
born hematopoietic liver cells.  All tumor cells studied showed a  much more 
limited and less variable uptake (0 to 6 per cent with MC1M, 0 to 6 per cent 
with TA3, 1 to 4 per cent with 6C3HED, and 4 to 6 per cent with 5L1). In the 
cytotoxic tests (Table I) the adult lymph node cells were very sensitive to the 
appropriate isoantisera while the newborn cells were completely resistant. The 
tumors TA3,  6C3HED,  and 5L1  were very sensitive to the appropriate iso- 
antisera at a dilution of 1/5, in contrast to MCIM, which was resistant. There 
was no apparent relationship between cytotoxic sensitivity and the ability to 
pinocytose. 
In  order  to  assess  whether isoantibodies  directed against  H-2  isoantigens 
may exert any influence upon pinocytosis, MCIM and TA3 ascites tumor cells 
were incubated with A.CA  anti-C3H  and C57L  anti-A  serum,  respectively, 
during  periods varying between 30 minutes  and  2 hours.  Fluorescein-conju- 
gated normal mouse serum was added to the incubation mixture. The propor- 
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sensitivity is related to cellular uptake of antibodies as revealed by observable 
pinocytosis is made less likely by these experiments. 
Quantitative  Absorption  Ezperiments.--Using  a  fluorescent  antibody  tech- 
nique  for the  study of living cell suspensions,  it has been demonstrated  pre- 
viously (27) that the isoantigens capable of reacting with humoral isoanfibodies 
TABLE  I 
Pinocytosing Ability and Sensitivity  to Humoral Isoantibodies of Various Normal  and 
Neoplastic Cells 
Strain 
A 
C3H 
C57B1 
Cell type 
Adult  lymph  node 
cells 
Newborn hematopoi- 
ctic liver cells 
TA3 ca.* 
Adult  lymph  node 
cells 
Newborn hematopoi- 
eric liver cells 
MC1M sc.$ 
6C3HED ly. § 
Adult  lymph  node 
cells 
Newborn hematopoi- 
etic liver cells 
5L1 ly. 
Cells 
showing 
pinocytosis 
after 
2 hours 
per ¢~l 
28 to 51 
40 
0to6 
32 to 45 
15 to 68 
0to2 
1 to4 
28 to 51 
41 
4to 6 
Serum used for 
cytotoxie tests 
C57L anti-A 
cg  gc 
~4  44 
A.CA anti-C3H 
*c  44 
4g  4c 
DBA anti-C57B1 
lhl  41: 
4l  41[ 
Titer in 
cytotoxic 
test 
1/320 
1/40 
1/640 
1/40 
1/80 
0 to 1/80 
1/80 
Cytotoxic 
index at 
seruln 
dilution 1/5 
0.85 
<0.15 
0.75 
0.94 
<0.15 
0.02 
0.83 
0.95 
<0.15 to 
0.49 
0.96 
* ca. ---- carcinoma. 
SC.  ~  sarcoma. 
§ ly. ---- lymphoma. 
are  localized  at  the  cell  surface.  Differences  in  the  cytotoxic  sensitivity  of 
different cells might be therefore related to differences in their surface proper- 
ties.  Experiments  were performed to test the possibility that the surface con- 
centration of isoanfigenic receptors was the relevant variable. 
The general design of the experiments was to compare the residual hemagglu- 
tinating fiter of a certain isoanfiserum after the absorption of a known volume 
with  known cell  numbers  of different  types.  The  cell  numbers  were  always 
adjusted  so as to yield the same average total cell surface area. The average 
surface areas  of 15  X  106, 30  X  106, and 60  X  106 normal  lymph node cells 534  CYTOTOXIC  ACTION  OF  ISOAI~TIBODIES 
were used as standards  of reference and their absorbing power was compared 
with various tumor cells having a corresponding total surface. Table II shows 
the actual numbers. The possible presence of red blood cells in the suspension 
is probably of minor importance since it has been found repeatedly (4, 26) that 
red blood cells have a very low absorbing capacity; sometimes several absorp- 
tions have to be carried out with red blood cells in order to detect any lowering 
of the antiserum titer. 
The absorption procedure was performed as described under Materials and 
Methods.  Mter 30  minutes' incubation  with  the  isoantiserum,  the  cells were 
TABLE  II 
Mean Cdl Diameter and Mean Surface Area of the Different Cell Types  Used for the 
Absorption Experiments 
Cell type 
Lymph node 
cells 
$L2 ly. 
15091a ca. 
FA3 ca. 
HSA sc. 
$3A ca. 
HIDH-Hb 
ly. 
FHA  sc. 
iC3HED ly. 
HC1M sc. 
Strain 
of 
origin 
A and 
C3H 
A 
A 
A 
A 
A 
C3H 
C3H 
C3H 
C3H 
Numbers 
of cells 
measured 
227 
158 
170 
263 
241 
167 
150 
178 
156 
187 
Mean cell 
diameter 
in  # 
4-standard 
error* 
/z 
6.1  -4- 0.05 
6.9  -4- 0.10 
L4.6 4- 0.19 
L3.4 -4- 0.10 
L2.9 4- 0.20 
L2.2 4- 0.09 
i0.7 ~- 0.I0 
L3.4 4-4- 0.15 
i0.0 -4- 0.10 
L6.6 4- 0.18 
Number  of  tumor  cells having  Ratio mean 
the same  total average surface  surface area 
Mean  as the following numbers of  per tumor cell 
cell  lymph node cells:  to mean 
surface  surface area 
per lymph 
node cell  15  X  106 
15  X  I0~ 
11.5  X  106 
2.5  X  106 
3.1  X  106 
3.3  X  10g 
3.8  X  l0  s 
5.0  X  106 
3.1  X  106 
5.6  X  106 
1.9  X  106 
30 X  106 
30  X  106 
23.1  X  106 
5.1  X  106 
6.3  X  106 
6.5  X  106 
1.6  X  106 
9.9  X  106 
6.2  X  106 
11.3  X  108 
3.8  X  106 
60 X  106 
60  X  10~ 
46.2  X  10t 
10.1  X  10~ 
12.6  X  101 
13.0  X  101 
15.3  X  10~ 
19.8  X  10  t 
12.4  X  101 
22.5  X  101 
7.7  X  10~ 
1.00 
1.30 
5.94 
4.77 
4.61 
3.93 
3.03 
4.82 
2.67 
7.83 
* There is a highly significant difference (p <  0.001) between the mean cell diameter of the lymph node cells 
and the various  tumor cells. 
centrifuged down and the supernatant was tested for the presence of hemagglu- 
tinins directed against the H-2 genotype of the  tumor. A  C57L anfi-A serum 
was used for A cells and an A.CA anfi-A serum for C3H cells. Since it is known 
(5,  1) that strains A and C3H have antigens in common which are not present 
in strain A.CA and since the serum was tested against C3H erythrocytes, the 
latter serum can be regarded as the equivalent of an anti-C3H serum for the 
test systen used. 
(a)  Control experiments: Absorption experiments aiming at the detection of 
surface  antigens  of  tumor  cells  may be  easily disturbed  by the  presence  of 
inflammatory and  stroma cells of host  origin in  the  population,  particularly 
since lymphatic cells have a  high absorbing ability as will be shown below. 
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x-irradiated (450 r) newborn mice of the antiserum donor strain or into adult 
mice of the same strain that have been irradiated with 900 r. It can be assumed 
that  1 passage of the tumors through the antiserum donor strain type would 
free them, at least to a major extent, from the host cells that might contribute 
to absorption in an undesirable way. 
TABLE HI 
Results of Quantitative Absorption Experiments with Strain A  and C3H  Cells 
Number of cells in  Reciprocal serum titer 
after absorption with 
millions having the stone  tumor cells having the 
mean surface area as the 
Last tumor pas-  following number of  same mean area as the  "liter of 
Cell type  ~age in  the  fol-  lymph node cells:  following number of  unab- 
lowing strains  lymph node cells:  sorbed 
seruln 
15 X  30X  60X  15 X  30X  60X 
10e  10  a  10e  10e  10  e  10e 
Lymph node  C3H  15  30  60  4096  512  128  16,000 
cells  C3H  4096  512  128  16,000 
FHA  C3H  3.1  6.2  12.4  4096  256  128  16,000 
C3H  8000  512  64  16,000 
Adult  x-irradi.  1024  --  16  8000 
ated A.CA 
HxDH-Hb  C3H  4.9  9.9  19.7  4096  256  64  8000 
C3I~  4096  1024  64  16,000 
6C3HED  C3H  5.6  11.3  22.5  8000  8000  2048  32,000 
C3H  8000  4096  2048  16,000 
C3H  --  8000  8000  32,000 
MC1M  C~H  2.0  4.1  8.1  32,000  16,000  16,000  32,000 
C3H  8000  8000  4096  16,000 
Lymph node  A  15  30  60  128  16  8  2048 
cells  A  32  ~  2  1024 
A  256  16  8  1024 
A  32  8  2  1024 
SL2  A  11.7  23.4  46.9  16  8  2  2048 
15091a  A  2.7  5.3  10.6  32  8  2  1024 
A  64  8  4  1024 
TA3  A  3.1  6.3  12.5  128  32  4  2048 
Newborn  x-Jr-  64  16  8  2048 
radiated 
C57L 
A  128  32  16  2048 
A  256  64  32  2048 
256  --  64  512 
512  128  64  1024 
1024  1024  512  2048 
512  256  1024 
MSA  A  3.4  6.8  13.6 
A 
g3A  A  3.8  7.6  15.2 
A 
Lowering of 
titer in 
dilution 
steps for 
the different 
cell numbers 
2  5  7 
2  5  7 
2  6  7 
1  5  8 
3  --  9 
i  5  7 
2  4  8 
2  2  4 
1  2  3 
--  2  2 
0  1  1 
1  1  2 
4  7  8 
5  --  9 
2  6  7 
5  7  9 
7  8  10 
5  7  9 
4  7  8 
4  6  9 
5  7  8 
4  6  ? 
3  5  6 
1  --  3 
1  3  4 
1  1  2 
--  1  2 536  CYTOTOXIC ACTION OF ISOANTIBODIES 
Two tumors, TA3 and FHA, which showed a high absorbing capacity were 
chosen for these experiments. They were inoculated into x-irradiated mice of 
the serum donor genotype and, after having grown out, were used for control 
absorption tests. The data which  are included in Table III indicate  that the 
absorbing ability of these tumors was not changed to any detectable degree by 
using the antiserum donor strain as the tumor host. The contribution of host 
cells to the absorption of the same tumors grown in their isologous genotypes 
was  therefore probably a  minor one. 
A comparison was made between the mean cellular diameter of the various 
tumor cells and  the normal lymph node  cells. It was found  that there was a 
highly significant difference  (p  <  0.001)  between  all  tumor cell populations 
to24 \  ] 
512.  ~o 
128 
64 
-  8 
°--  4 
IO  20  3O  40  50  60 
Number of cells (xlO  =) 
FIG. 1. Absorption curve of strain A lymph node cells for C57L anfi-A serum. The mean of 
15 determinations of the unabsorbed serum titer is indicated together with the 99.9 per cent 
confidence interval. 
and the normal lymph node cells. This indicates that the tumor cell populations 
were mainly composed of large cells,  with regard to their size. 
Since  even  small  numbers  of  contaminating  normal  lymphatic  cells  may 
influence the outcome of the absorption tests, because of their greater absorb- 
ing power, the capacity of small lymph node cell numbers of A and C3H origin 
to absorb isoimmune sera was investigated. The same antisera were used and 
the same procedure was applied as in the other absorption experiments. It was 
found  (Figs.  1 and 2)  that  1.88  ×  106 lymph node cells of either A  or C3H 
origin did not affect the titer to any detectable degree. However, 3.75  X  106 
and 7.5  X  106 cells did lower the agglutinin titer of both antisera by one dilu- 
tion step. Since the agglutinating titer of the same antiserum shows a random 
variation by one dilution step in different experiments it seemed reasonable to 
permit  the  presence  of  contaminating  normal  lymphatic  cells  to  the  extent 
where they could lower the antiserum titer by one dilution step. With cells of 
the two genotypes mentioned, this number was between 3.75  X  106 and 7.5  X 
108  cells.  5.0  X  106  cells  was  arbitrarily  chosen  as  the  maximum  tolerated ERNA M6LLER AND  G~N  ~6LI.ER  537 
number of normal host cells of the lymphatic type. Assuming that other con- 
taminating non-tumorous cells of the host have a similar or smaller absorbing 
capacity,  one may calculate  the maximum percentage of non-tumorous cells 
in  the  various  tumor cell populations  that  can be tolerated.  Since  this  per- 
centage will be the lowest with the largest number of cells used in the experi- 
ments, only this number was used for the calculations.  The results are shown 
in Table IV. This table also shows the actual number  of non-tumorous cells 
found by Klein (14), Klein (16), and Klein and Revesz  (17), on differentially 
counted stained smears in four of the ascites tumors used. It appears that this 
number is constantly lower than the maximum tolerated  level of contamina- 
tion. No similar data are available for the other tumors. It must be emphasized, 
however, that the maximum tolerated level calculated above is only relevant 
1600C 
800C 
4096 
2O48 
1024 
,,-  512 
e  256 
,.-  128 
--  64 
P  32 
I0  20  30  40s50  60 
Number  of cells  (x I0 ) 
FIO. 2. Absorption curve of strain C3H lymph node cells for A.CA anti-A serum. The mean 
of 12 determinations of the unabsorbed serum tater is indicated together with the 99.9 per 
cent confidence interval. 
for tumors that have an absorbing ability of the same magnitude as 5.0  X  108 
lymph node cells, that is, lower the titer by one  dilution step. Tumors which 
are comparable to 60  X  108 lymph node cells and lower  the fiter by eight to 
nine steps will not be affected by 5.0 X  108 inflammatory and stroma cells, as 
can be seen from Figs. 1 and 2. In this region of the absorption curve approxi- 
mately 15.0 X  108 contaminating non-tumorous cells are required to change the 
titer by one dilution step. Thus, the percentage of tolerated non-tumorous cells 
shown in Table V is only valid for the  tumors S3A, MSA, MC1M, and perhaps 
6C3HED.  For all other tumors a  higher concentration of contaminating cells 
can be tolerated than indicated, without affecting the fiter by one step. 
It can be concluded  that non-tumorous  cells contaminating the tumor cell 
suspensions used cannot seriously affect the absorption results. For this reason, 
it was not considered necessary to carry the tumors in x-irradiated mice of the 
antiserum  donor  strain  routinely. 
The possibility that injured and dead cells may interfere with the absorption 538  CYTOTOXIC ACTION OF  ISOANTIBODIES 
results, owing to non-specific trapping of the antibody molecules by the widely 
permeable dead cells, was investigated with TA3  tumor cells. Half of the sus- 
pension was  incubated  at 56°C  for 30  minutes  and  the  other half in the  re- 
frigerator at 4°C. At the end of the incubation period, the percentage of eosin- 
stained cells was found  to be  100  per  cent  in  the  suspension  incubated  at 
56°C and 5 per cent in the suspension kept at 4°C. The results show that the 
heat-killed suspension did not absorb more antiserum than the control suspen- 
sion; it absorbed somewhat less (Fig. 3). The possibility that this rather small 
TABLE IV 
Estimation of the Highest Tolerated Proportion of Non-Tumorous Cells in the Various Tumor 
Cell type 
SL2 
15091a 
TA3 
MSA 
S3A 
H1DH-Hb 
FHA 
6C3HED 
MC1M 
Strain 
A 
A 
A 
A 
A 
C3H 
C3H 
C3H 
C3H 
Cell Sus 
Maximum number 
of tumor ceils 
used for 
absorption 
46.2  X  106 
10.1  X  10  s 
12.6  X  106 
13.0  X  106 
15.3  X  10  e 
19.8  X  10  e 
12.4  X  106 
22.5  X  106 
7.7  X  106 
)ens/ons 
Highest  tolerated 
number of 
contaminating 
non-tumorous cells 
5.0  X  106 
5.0  X  106 
5.0  X  l0  s 
5.0  X  10  ° 
5.0  X  106 
5.0  X  10  ° 
5.0  X  106 
5.0  X  106 
5.0  X  106 
Tolerated 
percentage 
of non- 
tumorous 
cells 
10.8 
49.5 
39.9 
38.5 
32.7 
25.3 
40.4 
22.2 
65.0 
Average 
percentage of 
non-tumorous 
cells found on 
stained  smears 
38, 
10.3§ 
4.5:~ 
9.0 to 18.0 
* No data available. 
From reference 16. 
§ From reference 14. 
[I From reference 17. 
difference could be due to the inactivation of isoantigens has not been investi- 
gated. 
(b)  Results  of absorption  experiments:  Quantitative  absorption  experiments 
were carried out with lymph node  cells and  tumor  cells derived from strains 
A and C3H. The number of various tumor cells used is shown in Table III. 
Strain A  cells.--Two  sarcomas,  two  carcinomas, and one  lymphoma indig- 
enous to this strain were studied. The C57L anti-A serum used had a hemagglu- 
tinafion fiter varying between  1/512  and  1/2048.  The same lot of serum was 
used for all experiments. The results are summarized in Table III. It appears 
that the lymphoma SL2 and the carcinoma 15091a had an absorption capacity 
of the same magnitude as normal lymph node cells. The carcinoma TA3 had a 
lower ability to  absorb isoantibodies and  the  sarcoma  MSA was  still lower. 
S3A was lowest and decreased the titer of the serum by one dilution step only 
at  the  highest  cell concentration  studied. ERNA MOLLER  AND  GORAN MOLLER  539 
Strain C3H cells.--The absorption results with normal and tumor cells from 
this strain are summarized in Table III. The A.CA anfi-A serum used for all 
these experiments had a  hemagglufinafion titer varying between 1/8000 and 
1/32,000. A very low absorbing capacity was exhibited by the MC1M sarcoma. 
The  lymphoma  6C3HED  was  intermediate  while  the  sarcoma  FHA,  the 
lymphoma H1DH-Hb,  and  normal  lymph node  cells  had  a  high  absorbing 
ability. 
Results  of Cytotoxic Tests.--As a  rule, cytotoxic and absorption tests were 
performed on the same cell suspension and on the same day. In addition, some 
cytotoxic tests were also made without parallel absorption experiments, and 
vice versa. With the exception of tumors SL2 and MSA, at least two cytotoxic 
experiments were run in parallel with each absorption experiment. 
1024 
512. 
256 
128 
64. 
• -  32. 
e  16 
-  8. 
"~  4" 
v-  2- 
o,% 
.....  Dead cells 
o--o Living cells 
4,2  8,4  ]~ 
Number  of  cells  (x IO 
FIG. 3. Absorption curves of living and heat-killed TA3 ascites tumor cells for C57L anti-A 
serum. The mean of 15 determinations of the unabsorbed serum fiter is indicated together with 
the 99.9 per cent confidence interval. 
All experiments with A  cells were performed with the same pool of C57L 
anti-A serum and all experiments with C3H cells with the same pool of A.CA 
anti-A serum. The same lot of guinea pig serum was used as a source of com- 
plement for all experiments. 
Strain A cells: The results of the cytotoxic tests are summarized in Table V. 
Lymph node cells.--These  cells show a  high sensitivity to humoral isoanti- 
bodies. The cytotoxic titer was  high,  and the cytotoxic index near  1 which 
means that almost 100 per cent of the cells have been killed by the antiserum, 
as related to the controls. 
SL2.--This  tumor showed a  sensitivity of the  same magnitude  as  lymph 
node cells. 
15091a.--This  carcinoma had  the  same  titer  as  normal  lymph  node cells 
and also  showed a  high  cytotoxic index. 
TA3.--The cytotoxic indexes were relatively high indicating a high degree 
of sensitivity while the titers were comparatively low. 
MSA.--The  cytotoxic index was  negative  and  the  titer  was  negative  at 
dilution 1/5, indicating complete insensitivity to humoral antibodies. A nega- 540  CYTOTOXIC ACTION OF  ISOANTIBODIES 
five cytotoxic index is obtained when the percentage of living cells in the anti- 
serum-treated suspension is higher than in the control suspension. Usually the 
differences between the two suspensions are very slight. Since the control sus- 
TABLE V 
Cylotoxio Action of A.CA An~i-A and C57L Anli-A lsoan~iserum on Lymph Node Cells and 
Various Tumor Cells of Strains C3H and A  Origin, Respectivdy 
Strain of 
origin 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
C3H 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
Target cells 
Designation 
FHA 
FHA 
FHA 
H1DH-Hb 
H1DH-Hb 
6C3HED 
6C3HED 
6C3HED 
MC1M 
MC1M 
MC1M 
SL2 
15091a 
15091a 
TA3 
TA3 
TA3 
MSA 
S3A 
S3A 
S3A 
S3A 
Type 
Lymph node cells 
Solid sarcoma 
Asdtes lymphoma 
Ascites lymphosarcoma 
Ascites sarcoma 
Lymph node cells 
Solid lymphoma 
A..~tes carcinoma 
Ascites carcinoma 
g¢  cc 
Solid sarcoma 
Ascites carcinoma 
gc  ~c 
Cytotoxie 
index at 
serum 
dilution 1/5 
0.94 
0.88 
1.0 
1.0 
0.62 
0.66 
0.77 
1.0 
0.98 
0.69 
0.83 
0.97 
0.02 
0.02 
neg. 
0.75 
0.94 
0.84 
0.98 
0.74 
0.89 
0.83 
0.75 
0.71 
nag. 
0.02 
0.11 
neg. 
neg. 
Reciprocal 
of titer 
64O 
640 
64O 
64O 
320 
64O 
64O 
320 
640 
20 
40 
10 
320 
32O 
320 
320 
320 
160 
80 
40 
40 
pension is always read at the end  of the experiment, it is probable that  the 
negative cytotoxic index is due to the time difference, resulting in a  somewhat 
higher cell death during the storage of the control suspension. 
S3A.--This ascites carcinoma turned out to be very resistant to the cytotoxic 
action  of  the antiserum used. In four experiments the titer was  always lower 
than 1/5. The cytotoxic indexes were either negative or very low. ERNA M'OLLER AND  C~RAN 3fOLLER  541 
Strain C3H cells: The results of the cytotoxic tests with C3H ceils are sum- 
marized in Table V. 
Lymph node  cdls.--These  cells belonged  to  the  highly sensitive  category 
yielding a high titer and a high cytotoxic index. 
FHA.--This recently established solid sarcoma turned out to be very sensi- 
tive to the cytotoxic action of the serum. However, the cytotoxic indexes at 
dilution 1/5 were rather low. In the last two experiments the test tubes were 
agitated every 10 minutes  to facilitate homogeneous dispersion of the  cells, 
but this did not increase the cytotoxic indexes to any detectable degree, indi- 
cating that a  fraction of the tumor cell suspension was resistant to the cyto- 
toxic action of the serum. This was strengthened by the finding that in vivo 
inoculation of tumor cell suspensions  after completion of the  cytotoxic test 
resulted  in  progressively growing  tumors  in  all  four  C3H  mice  inoculated. 
However, tumor cells taken from these mice were tested for their cytotoxic 
sensitivity and they turned out to be as sensitive as the original suspension. 
H1DH-Hb.--This  tumor  turned  out  to  belong  to  the  category of highly 
sensitive tumors. 
6C3HED.--In  three  experiments  carried out  with  this  ascites  lympboma 
comparatively high  indexes were  obtained but  rather  low  titers.  No  tumor 
growth  was  seen in  two  C3H  mice  after the  intraperitoneal  inoculation  of 
ascites suspension that had been incubated with antiserum and complement 
for 1}/6 hours at 37°C, indicating that the cells were completely sensitive to the 
serum at dilution  1/5. 
MCIM.--This  tumor turned out to be completely insensitive to the serum 
used in the experiments. 
Correlation  of Cytotoxic  Sensitivity  and Absorbing  Ability.--The  data  pre- 
sented in the previous sections indicate that tumor cells which absorb isoanti- 
bodies to a limited extent only, show a lower sensitivity to the cytotoxic action 
of the same serum than cells with a good absorbing capacity. In an attempt to 
correlate these two phenomena the absorption data were plotted against  the 
cytotoxic titer. The absorbing ability of the different tumor cells was expressed 
as the number of dilution steps separating the absorbed serum from the un- 
absorbed  serum.  The  degree  of  cytotoxic sensitivity was  expressed by  the 
cytotoxic titer.  Since the absorbing capacity varied with  the cell dose used, 
the doses corresponding to the mean surface area of 60 X  10  s lymph node cells 
were chosen, because this gave the best differentiation between the different 
cell types. Figs. 4 and 5 show the resulting diagrams for A and C3H cells. The 
data plotted correspond in each case to the mean surface area represented by 
60 X  10  s lymph node cells. In all experiments included in the diagram the cyto- 
toxic test and the corresponding absorption test was performed on the same 
day and with the same cell suspension and antiserum. 
It appears that there was a good correlation between the absorbing capacity 542  CYTOTOXIC ACTION" OF  ISOANTIBODIES 
and the cytotoxic titer. The correlation coefficients were 0.89 for A  cells and 
0.89 for C3H cells,  indicating a highly significant correlation (p  <  0.001). 
Similar results were obtained when the data corresponding to a mean surface 
area of 30 X  106 lymph node cells were compared. The correlation coefficients 
were 0.85 for A cells and 0.86 for C3H cells. 
Cytotoxic Tests  Using Mixtures of Antisera.--The  correlation figures shown 
in the previous chapter indicate that cytotoxic sensitivity may depend on the 
concentration of cellular isoantigens at the cell membrane, resistance being due 
to  a  low  antigen  concentration.  Experiments  were  performed  to  test  this 
hypothesis experimentally. 
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Fro. 4.  Correlation between the cytotoxic sensitivity of various strain A cells to a  C57L 
anti-A serum expressed by the cytotoxic titer and the absorbing ability of the same cells. 
The latter is expressed as the number of logs dilution steps by which the activity of the 
absorbed serum differed from the unabsorbed. Absorption was carried out by exposing the 
serum to a cell number with a total mean surface area corresponding to 60 X  106 lymph node 
cells.  The regression line has been calculated by the method of least squares. The dotted 
lines indicate the double standard error of the estimate• 
If the concept is true, it would follow that a tumor which is resistant to cyto- 
toxicity could become sensitive if the number of isoantigenic receptors could 
be increased on the cell surface. This could be tested experimentally by using 
mixtures of isoantisera produced by immunizing different H-2 genotypes with 
the same target cells. Each serum would react against a different combination 
of H-2 isoantigens and the number of reactive antigenic sites on the cell surface 
would be larger than in the case of one antiserum alone. 
MC1M, S3A, and TA3 tumor ceils were used for these experiments. MC1M 
was  completely resistant against  the cytotoxic action of A.CA anti-A serum 
and TA3 showed an intermediate sensitivity towards the cytotoxic action of 
C57L anti-A serum. The antisera used were produced in strains A.CA,  C57L, 
A.BY, and A.SW against strain A cells.  The antisera used in the experiments 
appear in Table VI. In the experiments with MC1M  and S3A ascites tumor 
cells each antiserum was  diluted  1/5  with Ringer's solution. The tumor cell F.RNA  MOLLER  AND  GORAN  MOLLER  543 
suspensions were used in concentrations of 107 cells per ml. 0.05 ml of each anti- 
serum was incubated with 0.05 ml tumor cell suspension and 0.05 ml guinea 
pig complement. In three additional tubes  the  three antisera were combined 
two by two in all possible combinations, by mixing 0.05 ml of each serum. To 
each tube 0.1 ml tumor cell suspension and 0.1 ml guinea pig complement was 
added, thus keeping the total concentration of antiserum at the same level as 
in the tubes incubated with only one antiserum. In one tube all three anfisera 
were mixed, adding 0.05 ml of each. This mixture was incubated with 0.15 ml 
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Fro. 5.  Correlation between the cytotoxic sensitivity of various strain C3H cells to an 
A.CA anfi-A serum expressed by the cyto~oxic fiter and the absorbing ability of the same 
cells. The latter is expressed as the number of log2 dilution steps by which the activity of the 
absorbed serum differed from the unabsorbed. Absorption was carded out by expressing the 
serum to a cell number with a total mean surface area corresponding  to 60 X 10  e lymph node 
ceils. The regression line has been calculated by the method of least squares. The dotted 
lines indicate the double standard error of the estimate. 
tumor cell  suspension and 0.15  ml guinea pig serum.  In the controls the iso- 
antisera were replaced by Ringer's solution or normal mouse serum. 
As can be seen from Table VI, none of the individual antisera showed sig- 
nificant cytotoxicity against MCIM; the cytotoxic indexes were less than 0.15, 
this being the lowest level considered significant (10).  When two antisera were 
combined, one combination still gave a cytotoxic index of 0.15, while the other 
two  combinations yielded  somewhat higher indexes  and  were  considered  as 
positive. The combination of all three antisera gave the highest cytotoxic index 
(0.24). 
Two analogous experiments  were performed with TA3. Since each isoanfi- 
serum gave a  high cytotoxic index by itself at serum dilution 1/5, they were 
first titrated and a dilution was chosen near the cytotoxlc endpoint, this being 
1/10 for C57L anti-A, 1/320 for A.CA anti-A, and 1/40 for A.SW anti-A. S3A 
was studied in an analogous way. Table VI shows the results of these experi- 544  CYTOTOXIC  ACTION  OF  ISOANTIBODLES 
TABLE  VI 
Cytotoxicity of Mixed Anti-A  Isoantisera, Produced in Different Genotypes, against  MC1M, 
TA3,  and  S3A  Ascites Tumor  Cells 
Total number 
Exp.  Cell type  Antiserum  Antiserum  of cells  counted after  No.  dilution  1~ hours' 
incubation 
1  MC1M 
2  MCIM 
3  TA3 
A.CA anfi-A  1/5  304 
A.SW anti-A  1/5  383 
C57L anti-A  1/5  394 
A.CA anti-A  1/5  424 
A.SW anti-A  1/5 
A.CA anti-A  1/5  440 
C57L anti-A  1/5 
A.SW anti-A  1/5  395 
C57L anfi-A  1/5 
'A.CA anti-A  1/5  381 
A.SW anti-A  1/5 
C57L anti-A  1/5 
Normal serum  1/5  452 
A.CA anti-A  1/5  n.t.* 
A.SW anti-A  1/5  213 
A.BY anti-A  1/5  228 
A.CA anti-A  1/5  251 
A.SW anti-A  1/5 
A.CA anti-A  1/5  229 
A.BY anti-A  1/5 
A.SW anti-A  1/5  182 
A.BY anti-A  1/5 
'A.CA anti-A  1/5  254 
A.SW anti-A  1/5 
A.BY anti-A  1/5 
Normal serum  1/5  315 
A.CA anti-A  1/320  335 
A.SW anti-A  1/40  216 
C57L anfi-A  1/20  180 
A.CA anti-A  1/320  293 
A.SW anti-A  1/40 
A.CA anti-A  1/320  256 
C57L anti-A  1/20 
Percentage of 
living cells 
70.6 
82.0 
85.0 
73.1 
70.7 
76.9 
67.5 
88.3 
rl.t. 
74.6 
70.0 
69.0 
59.8 
73.0 
50.4 
78.7 
63.0 
67.1 
63.5 
44.0 
41.0 
Cytotoxic 
index 
0. I0 
0.07 
0.04 
0.17 
0.20 
0.13 
0.24 
n.t° 
0.05 
0.10 
0.12 
0.24 
0.07 
0.49 
0.17 
0.12 
0.17 
0.42 
0.46 ERNA  MOLLER  AND  G6RAN  MOLLER 
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Antiserum 
I 
A.SW anfi-A 
C57L anti-A 
I 
A.CA anti-A 
A.SW anti-A 
C57L anti-A 
Normal serum 
Ringer's solution 
A.CA anti-A 
A.SW anti-A 
C57-L anti-A 
I 
A,CA anti-A 
A.SW anti-A 
I 
A.CA anti-A 
C57L anfi-A 
I 
A.SW anti-A 
C57L anti-A 
A.CA anfi-A 
A.SW anti-A 
C57L anfi-A 
Normal serum 
Ringer's solution 
A.CA anti-A 
A.SW anti-A 
C57L anti-A 
f 
A.CA anti-A 
A.SW anti-A 
t 
A.CA anti-A 
C57L anfi-A 
f 
A.SW anti-A 
C57L anti-A 
A.CA anfi-A 
A.SW anti-A 
C57L anti-A 
Nornml serum 
Normal serum 
1/5 
1/5 
1/5 
1/5 
1/5 
1/5 
1/5 
1/5 
1/3 
1/S 
1/5 
1/5 
1/5 
1/5 
Total number 
of cells 
counted after 
1~ hours' 
incubation 
334 
518 
280 
229 
274 
306 
198 
271 
228 
271 
306 
384 
389 
163 
167 
253 
221 
198 
260 
248 
194 
174 
Percentage of 
living cells 
51.8 
28.8 
75.4 
75.9 
46.4 
19.5 
73.9 
4.8 
24.7 
4.4 
2.9 
71.6 
70.4 
77.9 
73.7 
80.2 
66.5 
69.2 
68.1 
62.5 
81.2 
73.6 
Cytotoxic 
index 
0.32 
0.62 
0.35 
0.73 
neg. 
0.94 
0.65 
0.94 
0.96 
0.02 
0.07 
neg. 
0.16 
0.12 
0.14 
0.21 
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ments.  It can  be seen that  combination  of two  sera  increased  the  cytotoxic 
index while the mixture of all three sera gave the highest index. 
These experiments show clearly that a tumor resistant to the cytotoxic action 
of single anti-H-2 sera can become sensitive if the antigenic targets at the cell 
surface are increased by the  combined use of two or three different antisera, 
directed, in part at least, against different components of the H-2 system. Cyto- 
toxic sensitivity can be increased from moderate to high by the same procedure. 
Absorbing Ability of Different  Cell Types on a Per Cell Basis.--The absorption 
experiments reported above show that different cell types differ with regard to 
their surface concentrations of 1-1-2 isoantigens. Since many of the tumor cells 
were considerably larger than the lymph node cells the possibility exists that 
in  spite of a  lower concentration  of membrane antigens  the  total number of 
isoantigenic receptors per cell is the same for tumor cells and lymph node ceils. 
For  some of the  tumor  cells  investigated,  this  possibility can  be  eliminated 
immediately, since they showed the same absorbing ability as 60 X  106 lymph 
node cells in spite of the fact that  a  much lower cell number was used.  This 
was the case with the strain A  tumor  15091a where  10.1  >(  106 cells lowered 
the fiter to the same extent as 60 )<  106 lymph node cells and with the strain 
C3H tumors H1DI-I-I-Ib and FHA where  19.8  )<  106 and  12.4  )<  106 cells,  re- 
spectively, were equivalent to 60 X  106 lymph node cells. 
Other cell types absorbed less antibody than lymph node cells with a  com- 
parable mean surface area. These were the tumors TA3, MSA, and S3A of the 
A  strain,  and  the  tumors  6C3HED  and  MC1M  of  the  C3H  strain.  These 
tumors were compared (with the exception of MSA) for their absorbing ability 
on a per cell basis; 60  X  106 cells were used for comparison. Fig. 6 shows the 
results. It can be seen that 60  X  106 TA3 tumor cells lowered the titer of the 
serum to the same extent as lymph node cells. S3A cells absorbed much less, the 
same titer being lowered to 1/64. Absorptions carried out with 60 X  106 C3H 
lymph node cells gave titers of 1/128 in two experiments. The same number of 
MC1M cells lowered the titer to 1/256 and 1/512.6C3HED  lowered the titer 
to 1/512 only. 
The results indicate that not only the concentration of surface antigens but 
also the total amount per cell is different in the different cell types studied. It 
appears that cells which show the same sensitivity to cytotoxic antibodies as 
lymph node  cells and have approximately the  same surface concentration  of 
antigens, are larger in size and thus contain a greater amount of antigen per cell 
than the lymph node cells.  Cells with a  lower cytotoxic sensitivity vary with 
regard  to  the  amount  of  antigens  per  cell.  TA3  appears  to  have  the  same 
amount as lymph node cells, S3A considerably less, MC1M and 6C3HED have 
about  the  same or somewhat less. 
There was no  obvious correlation between  the  amount  of antigen  per cell 
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contained considerably more antigen per cell than the lymph node cells, while 
the  long  transplanted  lymphosarcoma  6C3HED  contained  somewhat  less. 
The carcinoma 15091a, which is a very old transplanted tumor, was very rich 
in cellular antigens, while the more recent TA3 contained approximately the 
same amount as the lymph node cells. The sarcoma FHA absorbed much more 
antigen  per  cell  than  the  lymph  node  cells,  while  MSA,  S3A,  and  MC1M 
absorbed less. 
It is conceivable that tumor cells with a very limited absorbing capacity may 
have entirely lost some antigens of the H-2 locus. The S3A carcinoma which 
showed the lowest absorbing capacity of all the tumors tested, was studied with 
this possibility in mind. Some of the "strong" antigens were selected for closer 
1024  A cells  C3H  cells  .1024 
512  .512 
256  256 
128  128 
64  64 
=-  32  32 
o  IE  /6 
Iti  ~"  11  2 
Lymph node  TA3  SSA  LYmphnodl  MQM  6C3HE9 
cells  cells 
FIG. 6. Absorbing ability of 60 X  l0  s A and C3H cells. A C57L anti-A serum (agglutlnln 
titer 1/1024) was used for the A cells and an A.CA anfi-A serum (agglutinin fiter 1/16000) 
for the C3H cells. The serum titers after absorption with the various cell types are indicated 
by vertical lines. Hemagglufination was scored as +++,  ++, and +. In the chart, +++ 
is marked with the heaviest line, +  with the thinnest. 
examination. Some important antigens of the H-2 locus are easily studied. An 
A.CA anti-A serum was used which is anti-D, E, K, and Y. Of these antigens 
strain  C3H contains  only E, K, and Y  and DBA/2,  only D. This antiserum 
was absorbed with 200 X  10  e S3A cells in the usual manner and the serum was 
tested afterwards against both C3H and DBA red blood cells. The unabsorbed 
A.CA anti-A serum had a hemagglutination titer of 1/2048 against both C3H 
and DBA cells. Mter absorption with S3A the titer fell to 1/16 for both C3H 
and DBA cells. Obviously, S3A contained antigens of both groups. 
DISCUSSION 
The  experiments  reported  above  have  clearly  established  that  cytotoxic 
sensitivity is a  direct function of the concentration of H-2 isoantigens on the 
cell surface. The correlation coefficient between cytotoxic titer and absorption 
capacity was 0.89 for both A and C3H cells. These high coefficients are note- 548  CYTOTOXIC ACTION OF ISOANTIBODIES 
worthy in face of the fact that both methods were subject to a certain error. 
For instance, the absorption technique could yield titers differing by as much 
as three dilution steps in repeat experiments. The standard error for the agglu- 
tination technique was only 0.23 and 0.20 log2 dilution steps however, for A 
and C3H cells, respectively. 
The slope of the linear regression lines for A and C3H cells are very similar 
(A =  43.5 °, C3H =  49.7  °) and close to 45 °. This suggests that, irrespective of 
the antiserum titer and the cell types used, the same quantitative relationships 
exist between the cytotoxic titer and the absorption capacity. The two regres- 
sion lines intersect with the abscissa at approximately the same point (1.5 for 
A cells and 2.0 for C3H cells) indicating that a cell suspension with a mean total 
surface area corresponding to 60  X  108 lymph node cells could bring about a 
four step decrease of serum titer in the absorption test, without being sensitive 
to the cytotoxic action of the serum. 
These experiments may have some bearing on the problem of how antibodies 
react with target cells. It has been shown by the fluorescent antibody technique 
(27)  that H-2 antibodies combine with surface isoantigens of living cells.  As 
far as  heterologous antibodies  are  concerned morphological and biochemical 
studies  indicate  that  reactions  of antigen  and  antibody at  the  cell surface, 
occurring in the presence of complement, lead to a disturbance of the osmotic 
equilibrium (9, 19), with subsequent cell death. Osmotic disturbances probably 
also occur when sensitive mouse tumor cells are exposed to isoantibodies and 
complement  (8),  since  the  cells  become  considerably  swollen.  A  cytotoxic 
effect can probably be obtained even in some cases where the antibodies do not 
react with essential cellular components: immune lysis of red blood cells could 
be brought about by antibodies directed against various non-cellular antigens 
passively absorbed onto the cell surface (see reference 22). It is generally agreed 
that  mouse isoantiserum alone is not  cytotoxic in  vitro  unless  supported by 
complement. This indicates that a cytotoxic effect probably depends upon the 
occurrence of an antigen-antibody reaction at or in the immediate vicinity of 
the  cell surface which will bind complement. The extent of the cytotoxicity 
would be related to the concentration of complement. At present it is not known 
how complement may exert this destructive function. According to the  "one 
hit" theory of Mayer (21), one reacting site at the cell membrane consists of 
a complex of complement, two antibody molecules, and one antigenic receptor, 
and  this is sufficient to achieve cellular lysis. The present experiments show 
that a  critical surface concentration of isoantigens is a necessary prerequisite 
for the cytotoxicity of humoral antibodies. In terms of the above hypothesis 
this  would  mean  that  the  critical  concentration  of  complement  cannot  be 
obtained if the antigenic receptors are located too far away from each other. 
According to  this hypothesis at least  two antibody molecules have  to react 
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Cytotoxic effect would then depend on the distance between the two antigen- 
antibody complexes. A short distance would lead to a high concentration of 
complement within a given area, capable  of initiating the cytotoxic damage, 
while a long distance would result in a dilution of complement which would be 
higher than that required  for  the cytotoxic effect. A similar  suggestion  was 
brought forward by Weinrach ~ a2. (36) to explain the mechanism of hemolysis 
of sheep red blood cells by rabbit antibodies.  It would be difficult to explain 
the results  by assuming  that only one antigenic receptor  is necessary  for cell 
destruction, since the concentration of these  receptors  could hardly influence 
the sensitivity of the cells in this case. 
According to the above concept each of the reactive components of the cyto- 
toxic system must be present in sufficient quantity. It has been known for a 
long time that dilution of the antiserum and/or the complement  results  in a 
decrease of the fraction of destroyed cells. The present experiments have shown 
that the concentration of the receptors  at the cell surface is also critical.  This 
weakens  the  possibility that  resistant  and  sensitive  cells are  qualitatively 
different. It seems conceivable that all cell types could be made sensitive to the 
cytotoxic action of humoral isoantibodies  provided  that  the  three  reactive 
components  of the system can be provided in the necessary  concentrations. 
This is strengthened by the well established  fact that all tumor cells tested 
against heterologous  antisera were found sensitive.  In this case the antigenic 
discrepancy is  made more pronounced  and  the  antibodies  will  be  directed 
against a much greater number of receptors  which engage a larger portion of 
the cell surface. 
The fact that a good correlation  could be obtained between  the sensitivity 
of various cells to cytotoxic antibodies and their ability to absorb  hemagglu- 
tinating isoantibodies  are in accordance  with the assumption that cytotoxic 
and hemagglutinating antibodies are of the same kind detected by two different 
techniques.  This is further emphasized by the findings of Jensen and Stetson 
(11)  who  were  unable  to  separate  cytotoxins from agglutinins  by various 
absorption procedures, or by immunization  with tissues treated in various ways. 
They also found that the titer fluctuations of the serum were always the same 
in the cytotoxic and hemagglutination tests, respectively. 
According to Gorer  (4)  there are at least three different histologically dis- 
tinguishable  patterns of homograft reaction in mice. With two of these, graft 
rejection is  accompanied  by local infiltration of immunologically  competent 
host cells. Such reactions are seen with certain sarcomas, carcinomas, and with 
skin grafts. The third type of rejection is seen with leukemia and lymphoma 
homografts. Here the most conspicuous feature is the exudation of plasma. In 
Gorer's  view, graft destruction is caused by humoral antibodies  in this case. 
There is a tendency to regard the "cell-bound" immunity  as something basically 
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ments  indicate,  however,  that  there  are  no  qualitative  differences between 
cells which are sensitive and those which are resistant to cytotoxic antibodies 
and the differences appear to be quantitative, depending on the concentration 
of antigenic receptors at the cell surface. Such quantitative differences between 
resistant  and sensitive tumors made the  assumption  that  "cell-bound" anti- 
bodies act by a  mechanism different from the  action of humoral  antibodies 
somewhat  less  likely.  If  immune  destruction  of  cells  is  dependent  upon  a 
critical concentration of complement at the cell surface, an assumption which 
is favoured by considerable evidence, it can be assumed that this  is brought 
about in  several different ways.  It is  a  well established fact  that  increasing 
amounts  of antibodies  will  bind  proportional  amounts  of  complement  (29). 
It is possible  that  immunologically active host cells that  come into  contact 
with  the grafted cells are able to release antiserum in such a  high local con- 
centration  that  lysis  will  occur.  However,  a  straight  line  relationship  be- 
tween quantities  of antibody and  complement exists  only when  the  antigen 
to antibody ratio exceeds 1. In the zone of antibody excess very little comple- 
ment  is  bound even in  the presence of large amounts  of antiserum  (29).  It 
would  follow that  the  necessary concentration of  complement may  not  be 
reached even with a large excess of antibodies if the concentration of antigenic 
receptors is low; such may be perhaps the case with non-specific tumors capable 
of growing in foreign strains.  On the other hand, it is known that in certain 
immunological systems the rate of hemolysis can be exceedingly slow (22). It is 
conceivable that  the absence of lysis in short term experiments in  vitro  does 
not indicate complete resistance of the cells.  This is supported by the finding 
that S3A tumor cells,  which were completely resistant to humoral antibodies 
in  vitro,  were clearly inhibited when grown in cell-impermeable chambers in 
the  presence of antibodies  (28).  Close contact  of host  cells  and  target  cells 
presumably resulting in high local antibody concentration acting through long 
periods of time may bring about cytotoxicity in an even more efficient way. 
The different histological types of homograft reaction need not necessarily 
indicate the existence of different immunological mechanisms.  Sensitive cells 
may  be  killed  by  humoral  antibodies  preceding  the  local  infiltration  with 
immunologically active cells. This would correspond to the histological picture 
of a  plasma  exudate.  Resistant  cells would not  be  affected by the  humoral 
antibodies and the destruction would occur when invading host cells can pro- 
vide the necessary high local antibody concentration. Mitchison suggested that 
cell-bound immunity was  demonstrable before humoral  antibodies  appeared 
(25) but Gorer et al. (7) were later able to demonstrate the presence of humoral 
isoantibodies already on the 3rd day after tumor grafting. According to Gorer a 
visible slight edema of leukemia grafts occurs after the 5th day and prolifera- 
tion of host cells in the graft bed begins on the  8th day. With  other tumor 
grafts invading host cells may be seen on the 5th day but evidence of a func- ERNA MOLLER AND GORAN MOLLER  551 
tional homograft reaction is not seen until the 7th or 8th day. This indicates 
that destruction of leukemia grafts occurs 2 to 3 days earlier than with sarcoma 
and carcinoma. These findings are in agreement with the assumption that the 
different histological pictures of the homograft reaction merely reflect differ- 
ences in cellular sensitivity to humoral antibodies,  rather than the existence 
of two types of immunological reactions. 
S~ra~LRy 
Experiments were performed to study the mechanisms of the sensitivity of 
normal  and  neoplastic  mouse  cells  to  the  cytotoxic action  of humoral  iso- 
antibodies. 
A quantitative in vitro absorption procedure was used to compare the residual 
hemagglutinin titer of a certain isoantiserum after the absorption of a known 
volume with known cell numbers.  The cell numbers were adjusted  so as  to 
yield the same average total cell surface area. Lymph node cells and various 
solid and ascites tumor ceils of strain A and C3H origin were used. It was found 
that different cell types differed with regard to their concentration of isoanti- 
genic surface receptors. High correlation coefficients were found between the 
cytotoxic sensitivity and the concentration of isoantigenic receptors. 
It was shown that tumor cells which were partially or completely resistant 
to a single isoantiserum could be made sensitive to humoral isoantibodies pro- 
vided that they were treated with mixtures of antisera, produced in different 
donor genotypes against the same target genotype, since each individual geno- 
type reacts against a different antigen combination. This supports the concept 
that  cytotoxic sensitivity is  related  to  the  surface concentration of reactive 
sites. 
Hematopoietic liver cells of newborn mice, which are completely resistant 
to isoantibodies, and spleen and lymph node cells of adult animals which are 
highly sensitive, were compared with regard to their ability to take up fluores- 
cein-conjugated  normal  mouse  serum  in  dtro.  No  differences  were  found 
between their visible pinocytotic uptake. Similar experiments were performed 
with various ascites tumor cells having different cytotoxic sensitivity. All tumor 
cells studied had a low pinocytosing ability which was not correlated to their 
sensitivity to humoral isoantibodies. 
The authors wish to thank Professor Georg Klein and Dr. Eva Klein for their valuable 
help and great interest during the investigation. 
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